Abstract Physical inactivity is estimated to be the fourth leading cause of global mortality. Strategies to increase physical activity (PA) increasingly emphasize environmental and policy changes including the modification of neighborhood environments to promote walking and other forms of healthy activity. Open Streets (OS) initiatives, an important and growing strategy to modify neighborhood environments for PA, create temporary parks for recreational activity by closing streets to motor vehicle traffic, thereby offering health and community building benefits. We used the Stanford Neighborhood Discovery Tool (DT)-photo/voice software on a tablet-to train neighborhood residents to act as Bcitizen scientist^observers of the local built environment on a non-event day and during an OS initiative. The purposes of this project were as follows: (1) to assess adult residents' perceptions of neighborhood characteristics of the OS initiative in three socioeconomically diverse sites and (2) to test the DT for use in three international urban settings with OS initiatives; Bogota, Colombia; San Francisco, USA; and Temuco, Chile, among a multigenerational, multiethnic sample of adults including, for the first time, a vulnerable population of homeless adults (Bogota). Using the DT, participants walked an OS route taking photos and recording reasons for the photos, then completed a 25-item demographic/ environmental observation survey and a 16-item Reflection Survey on perceived environmental changes. A total of 18 themes were reported by participants with areas of overlapping themes (e.g., Community and Social Connectedness) and areas where a single site reported a theme (e.g., Social Isolation in Older Adults). Ten of the 18 themes were identified by at least two sites including BBike Resources^and BServices^, indicating the value of programming at OS initiatives. The themes of BFestive Environment^and BFamily Friendly Environment^reflect the quality of the overall environment for participants. Four themes (Community and Social Connectedness, Family Friendly Environment, PA, and Safety) were reported by all sites. Three of the four unifying themes were also ranked among the J Urban Health (2018) 95:899-912 https://doi
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Introduction
Globally, approximately 23% of adults are insufficiently active [1] . In 2008, physical inactivity accounted for more than 5.3 million deaths worldwide [2] . Strategies to promote physical activity (PA) increasingly emphasize environmental and policy changes [3] [4] [5] . One approach that has been gaining recognition is the modification of neighborhood environments to promote walking and other forms of PA that support healthier lifestyles [6] . Living in more walkable neighborhoods has been associated with lower body mass index among older adults [7] , while living in close proximity to parks has been associated with increased PA among adults and children [8] . However, disadvantaged populations are more likely to live in neighborhoods with fewer environmental supports, and which have lower perceived safety, leading to reduced PA [9, 10] .
Open Streets (OS) initiatives, a worldwide phenomenon begun in the 1960s, are an important and growing strategy to modify neighborhood environments for PA. OS initiatives, which create temporary parks for recreational activity by closing streets to motor vehicle traffic, currently occur in more than 400 locations worldwide [11] [12] [13] . Similar to the benefits from park usage [14] , OS initiatives offer health [15] and community building benefits [16] , including socially inclusive programs [13] . Participants typically report improved feelings of neighborhood safety during OS from increased numbers of people on the streets [15] and safety benefits have been used to support OS policies [13, 17] . OS are an important strategy for promoting PA due to their flexibility in structure and implementation process [18] , highlighting their potential for establishing an Burban culture of health [13] ^. A review of OS implementation shows variability of features such as route length and consistency, regularity and scheduling of events, programming offered, and organizational administration [11] . In addition, OS initiatives sometimes face barriers, such as lack of funding and overly complicated permitting processes. Marketing and advocacy efforts, especially from local residents, can be valuable in sustaining local initiatives [19] . To date, there has been no audit of perceived changes to neighborhood active living environments resulting from implementation of and participation in an OS initiative.
We used the Stanford Neighborhood Discovery Tool (DT) [20, 21] to train neighborhood residents to be Bcitizen scientist^observers of the local built environment influences on PA. The current project builds on previous studies [22] [23] [24] [25] using a citizen scientist engagement approach and the DT to assess changes in perception of neighborhood barriers and facilitators to PA from implementation of OS initiatives. We chose to use the DT at OS because of the opportunity for pre-post evaluation and to test the feasibility of training local citizen-scientists as observers and reporters of OS activities.
Purpose
The purpose of this project was twofold: (1) to assess and compare adult residents' perceptions of neighborhood characteristics (e.g., safety, PA barriers) on a non-event vs. an event day of the OS initiative in three sites that differed in socioeconomic and inequality characteristics: Bogotá, Colombia; San Francisco, USA; and Temuco, Chile; and (2) to test the acceptability and utility of the DT for use with OS initiatives in three international urban settings which involved multigenerational, multiethnic samples of adults and which included, for the first time, a vulnerable population of homeless adults (Bogotá).
Methods
The Institutional Review Board at each participating university (Universidad de los Andes, Colombia; San Francisco State University, CA, USA; Stanford University, CA, USA; and Universidad de la Frontera, Chile) approved the protocol for research. A shared protocol was used at each site which allowed for local variations in participant recruitment strategies and population sampling. All participants signed informed consent forms approved by their local institutions.
Study Sites
Three sites were selected for inclusion because they met the following criteria: each had an ongoing OS initiative; the sites offered the opportunity to work with diverse populations; and each site researcher was an experienced OS evaluator. The three targeted cities differed in some sociodemographic characteristics ( Table 1) . As of 2015, Bogotá had 7.9 million inhabitants, San Francisco had 865,000 inhabitants, and Temuco had 280,000 inhabitants. The three cities show similar income inequality as reflected by the Gini coefficients (San Francisco 52.1, Temuco 50.5, Bogota 50.4) [26, 30, 31] . The Gini coefficient reflects the extent to which the distribution of income or consumption expenditure among individuals or households within an economy deviates from a perfectly equal distribution. A Gini index of 0 represents perfect equality, whereas an index of 100 represents perfect inequality [26] . The Gini coefficient reports on income disparity within a selected society but does not allow for comparison between geographical locations.
The OS initiative in Bogotá, Ciclovía, is a weekly, community-wide policy and planning intervention for promoting PA. The Ciclovía of Bogotá began in 1974 and is the largest OS in the world. The pedestrian/cycling route remains consistent throughout the year, covering 120 km of city streets, and connecting low, middle, and high-income neighborhoods [13] with free community exercise and dance classes offered in parks adjacent to the route (Fig. 1) . The Ciclovía is funded through public and private organizations and is operated by the District Institute of Recreation and Sports [13] . Therefore, reported data includes the entire city. In terms of safety, the combined homicide and robbery rate of Bogotá for 2014 was 352.98 per 100,000 inhabitants [29] . Data collection was conducted from June 2015 to August 2016.
In San Francisco, Sunday Streets SF (the local OS program) uses a model of rotating routes across the city, traversing up to 24 different neighborhoods [11] . Sunday Streets was created in 2008, and programming for each route is planned in coordination with community groups. Funding for Sunday Streets comes from both public (San Francisco Departments of Public Health and the Municipal Transportation Agency) and private (e.g., healthcare corporations) sources [17] . The Bayview Includes only robberies and homicides [29] Talking the Walk: Perceptions of Neighborhood Characteristics route, included in this study, fulfills initiative criteria: the neighborhood is under-served for recreational resources, reports higher than city average chronic disease rates, and serves predominantly low-income, ethnic minority resident populations ( Fig. 1 ) [32] , and traverses approximately 3.5 miles. Annual total reported crime in San Francisco is 6152/100,000 [27] . Data were collected between September 2014 and April 2015.
In Temuco, Calles Abiertas (the OS initiative) was established in 2014, and the program is implemented every Sunday from September to December in four neighborhoods differing in socioeconomic status (low-and middle-income). On average, six events per year are completed depending on weather and holiday schedule. OS in Temuco cover approximately two blocks (350 m) ( Fig. 1 ) and receive government funding. Some activities included in the events are Zumba classes, soccer, volleyball, and motorskill circuits for children. Temuco has 4160 crimes per 100,000 inhabitants including robbery, homicides, and other major events [28] . Data collection was conducted between September 2015 and December 2015 in two OS locations. Table 1 offers description of OS and city characteristics that influence outdoor PA considering the influence of known barriers: crime, vehicular traffic, and population [7, 9, 10] .
Stanford Neighborhood Discovery Tool (DT)
The DT is a computerized tablet/smartphone-based participatory tool, available in English and Spanish, that incorporates photo and voice technology, GPS route tracking, and a short survey to assess the local environment. The DT has proven to be feasible for a range of individuals-from youth through older adults-to observe and describe barriers to and facilitators of active living [24] . It also has been shown to help identify microscale environmental elements that influence adults' choices related to being active [33] . Community residents serving as Bcitizen scientists^have used the data they gathered with the DT to advocate successfully for neighborhood improvements to support health and quality of life [34] .
Procedures
Data were collected during the hours and days of the OS program occurring at each site. Upon arrival for the first data collection event (non-OS day), participants received information about the project and signed consent forms. The DT and surveys were designed to be easy to use regardless of education or experience with technology and the 5-10-min training involved hearing a brief description of the purpose and operation of the DT and its application to this project. Participants learned to take photos, audio-record a narrative about why they took the photo, and complete the 25-item DT survey.
At the end of each data collection event, participants reviewed and approved the photos and audio narratives they recorded. After the second data collection event (OS day), all participants additionally completed a 16-item Reflection Survey (designed by 1st author; Spanish translation by 4th author) that asked them to evaluate their pre-post perceptions of 16 built environment neighborhood features across the two data collection points, which they ranked on a 5-point Likert type scale, with 1 indicating Bseemed better,^3 indicating Bno change,^and 5 indicating Bseemed worse.^All participants walked with a field work coordinator or trained research assistant.
Design and Recruitment
We used a pre-post method that assesses and compares adult residents' perceptions of built environment influences on PA during a non-OS day (pre-test) and an OS day (post-test). Each participant walked the same route or section of a route twice (pre-post), for approximately 30 min each time (Table 1) . A total of 50 participants (Bogotá, N = 32; San Francisco, N = 10; Temuco, N = 8) adults completed two walks using the DT. The participants in Bogotá and Temuco used the Spanish language versions of the DT and the Reflection Survey.
In Bogotá, 32 adults were selected from low-, middle-, and high-income neighborhoods around the circuit of the Ciclovía, including 5 adults without homes who reported that the Ciclovía was a program they used for recreation. Modest incentives were offered for citizen science participation, including sports water bottles, food, and yoga mats. In San Francisco, participants were ten adults who lived within one city block of any section of the Bayview neighborhood Sunday Streets route. The Bayview Branch of the YMCA of San Francisco assisted recruitment by advertising the project through posted flyers and emails to members, and offered lunch, a t-shirt, and water bottle to each participant. In Temuco, recruitment of eight older adults was conducted door to door in two different neighborhoods, with OS and researchers engaged with prospective participants as they walked through the area. No incentives were provided.
Data Analysis

Survey Data
Quantitative DT survey data were downloaded from the tablet for analysis. Descriptive statistics were calculated for demographic characteristics (e.g., age, gender, ethnicity, race, education level) and environmental features (e.g., sidewalk cracks, gangs, homeless, garbage, graffiti). All analyses were conducted using SAS 9.3, Excel, or SPSS 22.0.
Discovery Tool Photo/Voice Themes
Content analysis of the qualitative audio narratives and photos was conducted using a hybrid approach. Data were downloaded from the DT and analyzed by a minimum of two researchers or research assistants. Each site was asked to identify the top 10 themes by frequency of mention that emerged from their review of the photos and narratives with corroborating sample quotes and photos. The 10 themes from each site were then merged to create a complete list of themes that included those with contextual relevance for a single site. In Bogotá and San Francisco, researchers and research assistants Talking the Walk: Perceptions of Neighborhood Characteristics jointly coded the data with the PI. Two researchers in Temuco coded the qualitative data using atlas.ti software from which they developed themes.
Results
Walk Characteristics
Participants were asked to walk for approximately 30 min at each site and the number of photos taken ranged from 8. (Table 2) .
Perceived Changes to Neighborhood Environment
DT tablet survey data were collected on neighborhood infrastructure impacting PA (e.g., cracks in sidewalks, sidewalk corner ramps, graffiti, and traffic calming facilities) by participants on OS days. Results showed no statistically significant differences between sites.
As reported in the Reflection Survey completed by participants after the second walk, BFriendliness of environment^and BNumber of cars^were the components with the highest percentage of participants reporting Bseemed better^across sites (Table 3) . Improvement in overall neighborhood safety was reported in Bogotá (74.2%) and SF (70%), while only 25% of the older participants being targeted in Temuco perceived an improvement. More than half of participants (62.5%) DT Photo/Voice Themes for Context-Specific Evaluation of OS All sites reported the top 10 environmental themes related to the OS, compiled from the coded qualitative photo and audio data, in rank order according to frequency of mention among participants. A total of 18 themes were found ( Table 4 ). The results show that there were some similar themes reported across sites (e.g., community and social connectedness) as well as distinct themes reported at individual sites (e.g., social isolation among the older adults in Temuco). Ten of the 18 themes were identified by at least two sites. The shared themes included components such as Bbike resources,B services,^Bfestive environment,^and Bfamily friendly environment.^Four themes (community and social connectedness, family friendly environment, physical activities, and safety) were reported by all sites. Using the Bease of walking^construct from the Reflection Survey as a proxy for PA, three of the four themes common to all sites were also ranked among the highest reported categories of Bseemed better^on the Reflection Survey (Ease of Walking, Overall Safety of Neighborhood, and Friendliness of Environment). In addition, the older adult population in Temuco indicated a lack of ageappropriate OS activities. Furthermore, the individuals without homes in Bogota underscored the importance of having an inclusive program in which cars are replaced by people in main streets and highlighted the health benefits of the program.
Discussion
This study assessed the perceived environmental attributes influencing PA before and during OS initiatives in three cities similar in income inequality located in three countries differing in sociodemographic characteristics using a mixed-methods design. Although more basic forms of photo/voice technology have been used in observational studies of the built environment in relation to PA, no study has yet implemented photo/voice technology with diverse populations participating in OS initiatives. The current study adds to the existing literature by exploring the use of local residents to systematically capture local contexts of OS Initiatives-an increasingly popular municipal PA and community engagement activity around the world [13] . The use of repeated observations which captured differences in perceptions occurring before and during OS at all sites shows that the DT was a useful tool for training local citizen scientists to notice changes to the built environment that support or interfere with PA. The reported differences in results across sites suggests that the DT is sensitive enough to allow respondents to report context-specific built environmental infrastructure as well as elements of OS initiatives that support PA or that need improvement. However, the results show surprising similarities in issues related to the experience of OS initiatives across sites as demonstrated through the observational feedback. Despite differences in site characteristics such as crime rate, motor vehicle ownership and population, the response to OS suggests that the similar level of income inequality among sitesa variable influencing the design of local routes-possibly contributes to comparable experiences among OS participants.
There were also some unique themes arising due to geographical and cultural context, differences in population characteristics, and specific OS programming. Overall, using street-based infrastructure for community-based PA and recreational programs offers benefits and challenges regardless of site location. Furthermore, the inclusion of vulnerable populations in these community programs in cities experiencing income inequality makes OS programs a unique and promising example for addressing disparities in access to recreational opportunities.
The substantial increase in number of individuals in the area during OS may influence the perception of an improvement in some of the environmental features. While the increase in number of youth, decreased number of cars, and increased friendliness and safety of the neighborhood are expected benefits of OS, the reported increase in sighting of graffiti in SF during OS, for 
"Well, comparing with a weekday, there is less pollution, less noise, less dangers for the people" 10 "Paint peeling makes you feel unwanted, time not taken to make it pretty. Yet, the beautiful murals get changed regularly" 10 "I like music, but some neighbours complain about the music level. There is a church very close and has a mass/service every Sunday during OS" Family Friendly Environment 5 "There is a much bigger space to walk, and there are many people, this makes a little bit nicer to go out to walk or do physical activity" 9 "I see happiness and I see potential for it (the neighborhood) to be the best place to raise a family" example, was unexpected, and may be due to the process of participants learning how to observe the environment rather than an actual change. Such observations deserve further evaluation.
Fulfillment of the Goals of OS
The study results add to our understanding of the intersections between residents' perceptions of OS initiatives and the influence of neighborhood built environments on PA. The DT data suggest that the PA opportunities provided through OS initiatives are perceived and highlighted as generally beneficial by participants across sites. Three overarching themes, discussed below, that emerged from the theme analysis and previous literature on OS, offer confirming insights into the health and community benefits of OS initiatives regardless of locale.
Provide Physical Activity to Under-Resourced Communities
Three of the themes (Bike Resources, Physical Activity, and Route) reference the ways that PA is a central component of OS initiatives for participants across sites. Bicycle programming, the availability of space for physical recreation, and free exercise classes have been demonstrated to support and encourage PA across populations [16, 21, 35] . Previous research [36] shows that providing programming during OS initiatives increases PA at the population level. Therefore, OS initiatives represent an opportunity to provide access to the benefits of leisure-time PA in municipalities with highly unequal resource distribution. However, OS initiatives are often community-based with limited funding and resources to support programming and activities. In the three sites investigated here, variables associated with Open Streets was Too Short 6 "OS is about two blocks which is too short, but has lot of activities for children" Physical Activity at Sunday Streets 6 "I think that the Ciclovía is a great place, which provides the opportunity to exercise for many people, for people that may not have the access or tools for physical activity. It provides services like bike rentals, dancing classes, and I think that it is very important for the community, because it is for everyone, it is free, and it is available every Sunday for anyone who wants to attend. This is very important for the community to be physically active, at least on Sundays." 3 "Having streets blocked off so you can exercise is great. Open space is great for exercise." the structure and design of the OS were among the shared themes reported by participants that needed improvement (e.g., OS Too Short and Route). Increasing local government support to OS initiatives, either by increasing the number of events or through programming, would offer multiple health, community and social benefits to communities. In Bogotá, only 40% of the citizens are satisfied with parks and public spaces. Therefore, the Ciclovia functions as a temporary linear park to promote safe leisure activities mainly for low-to middle-income individuals. In San Francisco, there is open space near the Bayview neighborhood, but it is perceived to be too dangerous. The San Francisco OS provides a known strategy for increasing PA through the addition of open space, as well as the means to engage in PA through the provision of free bicycles and riding lessons. In Temuco, there was an effort in implementing OS in four areas of diverse socioeconomic levels at different times and days which is positive, but the extension and promotion of the events were limited. Older adults in Temuco recognized OS as an opportunity for being more active, but they were passive actors as activities were not appropriate for their functional capacities.
Create and Transform Communities
Three themes identified in the current research mention community connection (Community and Social Connectedness, Family Friendly Environment, and Festive Atmosphere), suggesting that social engagement among participants is important across sites. OS initiatives, regardless of geographical location, have the potential to increase social connection and reduce isolation. Previous research on OS in San Francisco and Bogota, reported the benefit of social interaction among participants [15] and social capital [37] , respectively. In our study, participants from Bogota recognized OS as a place which promotes unity and shared values among citizens and quality time among family and friends. In the Bayview, the neighborhood is transformed as residents observe their neighbors engaging in outdoor activity, enjoying live music, and are motivated to go outside and join them. Older adults in Temuco reported positive feelings as OS offered a space for sharing with other generations, including family members. Reduce Environmental Barriers to PA to Support Health Scholars have consistently reported that perceptions of safety are a significant barrier to participation in PA across age groups [38] [39] [40] [41] [42] . Among adult ethnic minority populations, Kwarteng et al. [42] recommended improving perceived safety along a walking route in conjunction with a walking intervention to improve PA outcomes. Among all three sites reported here, BSafetyŵ as ranked first or second, suggesting that participants notice changes to their feelings of safety within the context of OS when more people are on the street and support arrangements (e.g., crossing guards) are available. Participants in Bogota and San Francisco reported improvements in perceptions of overall neighborhood safety, a documented benefit of OS programs that suggests a potential benefit for cities considering implementation of an OS initiative [37] . In Temuco, implementation of OS in recently renovated neighborhoods and parks may explain the small number of participants who perceived an improvement in safety. On the contrary, in Bogota, most of the participants perceived an increased safety, due to the flow of people in the streets, the presence of police and OS staff. In the San Francisco Bayview neighborhood, where residents report fear of crime as a barrier to outdoor activity, the activation of the streets during OS increases overall feelings of safety.
Limitations
Limited sample size from each site makes generalizing to the broader population in each locale difficult. It is also possible that the translation of the Reflection Survey to Spanish may have resulted in changes to the meaning for participants, although steps were taken to ensure that the translation was as close to possible to the English version of the Survey. Two walks were used for analysis in this investigation, with the OS walk defined as the post-test. This meant that we did not collect a true post-test walk to reflect perceived changes after the event. Finally, the community advocacy training portion of the Our Voice citizen science engagement model, which uses the Discovery Tool as a starting point for resident engagement [23] . was beyond the scope of this feasibility study. 
Conclusions
This study shows that the Discovery Tool can be used effectively by diverse groups of adults living in socially and culturally diverse communities to record perceptions of neighborhood environmental features that impact PA behaviors occurring as part of OS activities. OS initiatives offer potential population-wide benefits for providing PA opportunities and community connections across sites, while additionally offering context-specific challenges that must be addressed at the local level. 
